Abstract
Introduction
Congenital heart defect (CHD) is one of the most common life-threatening birth 48 defects, with an estimated incidence of 7 to 9 per one thousand and affecting 100,000 49 to 150,000 newborns in China each year. [1] [2] [3] 
Materials and methods

80
Study subjects
81
A family with 8 members were enrolled in this study (II-2, III-1, III-2, III-3, IV-3,   82 IV-4, IV-5 and IV-6, Figure 1 
197
The digested product was fractionated by using 1.5% agarose gel electrophoresis, luciferase activity was calculated after normalization to Renilla luciferase activity.
217
The experiments were performed and repeated at least three times respectively.
218
Finally, the expression level of protein GATA4 were evaluated by western blot 219 analysis.
221
Statistical Analysis
222
Statistical analysis was performed with SAS-PC (9.3v, SAS Institute, Inc, Cary, NC).
223
Results are expressed as mean ± Standard Deviation (SD). Logarithmic 224 transformation was applied to the data for the luciferase assay to achieve approximate 225 normality. Comparisons between two groups were performed with the chi-square test.
226
Statistical significance was determined by two-way analysis of variance and 227 subsequent pairwise comparisons were performed. A p value of less than 0.05 was 228 considered to be statistically significant.
230
Data availability
231
The authors state that all data necessary for confirming the conclusions presented in 
Results
235
Clinical Characteristics
236
The proband of this family is the second child, who was diagnosed with ostium 237 secundum atrial septal defect by ultrasound (IV-4) ( Fig. 1) . After reviewing the family 238 history, we identified the first child (IV-3) ( Fig. 1) was also affected by the same 239 defect and had been cured by transcatheter closure four years prior to our interview.
240
The mother of proband was not detected with any cardiac disorders by 241 echocardiogram (III-2) (Figure 1 ). The maternal grandmother (II-2) ( Fig. 1 pregnancy (IV-1) (Fig. 1 ) and a termination due to the detection of fetal bradycardia at 249 18 th week during the second pregnancy (IV-2) (Fig. 1) . Conventional G-banded 
273
In order to validate the target variant, we performed the Sanger sequencing in all 274 relevant subjects (II-2, III-1, III-2, III-3, IV-3, IV-4, IV-5 and IV-6) ( Fig. 2A) . The 275 heterozygous GATA4 p.R320W variant was found in subjects II-2, III.2, IV-3 and IV-4 276 but not in subjects III-1, III-3, IV-5 and IV-6 (Table 1) .
278
The variant site of GATA4 is evolutionarily conserved and plays an important 279 role in the region of nuclear localization signal
280
A cross-species alignment of the GATA4 amino acid sequences revealed that the 281 altered amino acid arginine (CGG) at position 320 was completely conserved 282 evolutionarily (Fig. 2B) . The identified variant is located in the region of the nuclear 283 localization signal (Fig. 2C) , which plays an important role in the nuclear 284 translocation of GATA4.
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285
After structure preparation and MD simulation, we found the amino acid two-helix structures of zinc binding regions (Fig. 3A) . In the mutant GATA4,
291
connections via hydrogen bonds and hydrophobic interactions between the random 292 coil and the opposite side of zinc binding region were formed. The structure has a 293 "closed loop", with an angle of about 73° (Fig. 3C) . This was likely due to the change also forced a change of the random coil in segments of 256 to 259 into a helical 297 structure (Fig. 3B, 3D ). 
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In the dual-luciferase reporter assay (Fig. 4A) 
